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At early and late stages of production Flooding of downstream processing facilities.
Reservoir flow oscillations and poor management.
Severe pipe corrosion and structural instability of pipeline.
The slug induces unsteady loading on pipeline and also on the receiving devices, such as separators. This causes design problems and hence lower the system efficiency and size.
Instabilities in liquid control system of separators due to high sudden flow rates which may lead to complete shut down.
Production loss due to the slug induced high average back pressure. 
Slug Flow in Subsea Oil & Gas Production System

Aim of the study
The hydrodynamic characteristics of gas-liquid vertical slug flow is governed by three main forces, namely; viscous, inertial, and interfacial forces.
A dimensionless analysis for two-phase gas-liquid slug flow can be done by applying Pi-Buckingham theorem.
Eötvös number: the ratio between gravitational forces, and surface tension forces.
Froude number: the ratio between the inertia and gravitational forces 
The main aim of the present investigation is to study the hydrodynamics characteristics of single Taylor bubble rising in a stagnant Newtonian liquid using the volume-of-fluid (VOF) methodology implemented in the computational dynamic software package, ANSYS Fluent (Release 15.0).
The results accounts for; Taylor bubble shape, Taylor bubble rise velocity ( ܷ ் ), liquid film (ܷ ி , δ ி ), wake flow structure, and wall shear stress distribution (τ ௐ ).
The simulation has been performed for 2D, unsteady, laminar flow with constant fluid properties.
The two phases were assumed as incompressible, viscous, immiscible, and not penetrating each other. 
Model Development a. Governing Equations
The simulation domain is a vertical pipe of diameter, ‫,ܦ‬ and length, ‫.ܮ‬ 
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The VOF formulation relies on the fact that two or more fluids (or phases) are not interpenetrating. For each additional phase that you add to your model, a variable is introduced which is the volume fraction of the phase in the computational cell. In each control volume, the volume fractions of all phases sum to unity.
Model Development
A. Governing Equations
The NSEs are thus dependent on the volume fractions of all phases through the volume-fraction-averaged properties; ߩ and ߤ. 
Model Geometry and Boundary Conditions
The simulation is performed by attaching a reference frame to the rising Taylor bubble.
Enabling moving reference frame (MRF) in the simulation, causes the rising Taylor bubble to be stationary and the pipe wall moves downwards with velocity equal to that of the bubble. 
G-L Interface BC
The pressure variation in the gas phase is assumed to be constant.
The boundary conditions at the gas-liquid interface are given by; ‫.ݑ‬ ݊ ൌ 0 2. The dynamic boundary condition, which is also known by stress jump condition can be divided into two separate boundary conditions; a) the tangential stress balance assuming zero interfacial shear stress along the interface;
ሺ߬. ݊ሻ. ‫̂ݏ‬ൌ 0
1. The kinematic condition assuming full slip at the interface is applied; b) the normal stress balance;
Where; ߬, ݊, ‫,ݏ‬ ߪ, ‫ܮ݅ߩ‬ and ‫ܭ‬ are the shear stress, unit normal vector at the interface, unit tangential vector at the interface, surface tension, liquid phase side pressure, and curvature of the interface, respectively.
According to Mao and Dukler (1990) ,the curvature of the interface is expressed in terms of radii of the curvature of the bubble surface, as follows;
Model Development c. Solution Strategy and Convergence Criterion
1. Transient solver and a time step size of 0.0001s was employed.
2. The simulation was carried out using the explicit VOF model.
3.
A simple scheme for the pressure-velocity coupling is considered.
4.
A spatial discretization scheme used are as follows;
• Green Gauss Cell Based for Gradient.
• PRESTO for Pressure.
• Compressive for Volume fraction.
• Quick scheme for Momentum.
• First order implicit for transient formulation 5 . The scaled absolute values of the residual of the calculated values of mass, velocity in x and y directions were monitored and convergence criterion was set to 10 -3 for each time step.
6. Results were obtained using the Engineering and Physical Sciences Research Council (EPSRC) funded ARCHIE-WeSt high performance computer (www.archie-west.ac.uk). 
Results and Discussions
Effect of inverse viscosity number ܰ on Taylor bubble shape.
The simulated results are in good agreement with; Effect of ‫ۼ‬ on Taylor bubble shape profile Validation of simulation results for the wall shear stress distribution around a slug unit with the work of Taha and Cui (2006) -is axial distance from bubble nose.
Effect of on the wall shear stress distribution around a slug unit-is axial distance from bubble nose.
